Abstract: This study systematically examines foreign R&D in China's manufacturing industries, using the most recent census data published by China's State Council. It reveals that foreign firms are committing less R&D resource than China's domestic enterprises. Foreign R&D activities are far more active in high-tech industries than in labour-intensive industries. This study also demonstrates that China's dynamic domestic market and export, as well as its large pool of well-educated labour are the major drivers for foreign R&D, while the technology drive is not significant yet. Finally, the result shows that foreign firms are less likely to conduct R&D in sectors where they possess strong advantages. Such results suggest that the Chinese governments and domestic firms should focus on building up indigenous innovative capabilities in order to attract more foreign R&D: the majority of foreign firms will invest in R&D when they feel the competition from domestic firms.
Introduction
Multinational corporations (MNCs) are increasingly adopting a global research and development (R&D) strategy. Overseas R&D spending has been growing at a faster pace than domestic counterparts and is playing an increasingly important role in global technological development. According to the data reported in National Science and Engineering Indicator (NSF, 2006) , the share of R&D performed abroad by US MNCs in their overall R&D expenditure has increased from 11.5% to 13.3%. Such a trend helps explain that R&D globalisation has become an increasingly important topic for academics, policy makers and the public in large (Behrman and Fisher, 1980; Mansfield et al., 1979; Ronstadt, 1977) .
Traditionally, advanced economies have been the major origins and destinations of global R&D investment. The NSF (2006) report has made some data on this aspect available as well. In 1994, R&D performed in Europe was about 73.05% of US MNCs' overseas R&D spending while another 9.51% and 7.04% was conducted in Japan and Canada respectively. Since then, developed countries have witnessed weakened positions while developing countries, particularly those in the Asia/Pacific region have benefited significantly during such a process. The share of Asia/Pacific countries (excluding Australia and Japan) in US MNCs' overseas R&D budget increased from 3.49% in 1994 to 10.02% in 2002. In particular, China and India have become the major beneficiaries. In 1994, US MNCs spent $7 million on R&D in China and such expenditure rocketed up to $646 million in 2002. Consequently, China's share in US MNCs' overseas R&D budget grew from 0.06% to 3.05%, the 8th largest among the 32 countries with reported data, leaving behind many developed countries such as Italy, Belgium, Netherlands, Switzerland and Australia. Indeed, China ranks first among both developed and developing economies in a few recent international surveys asking MNCs where their future R&D centres will likely be located (EIU, 2004; UNCTAD, 2005) .
Despite its increasing importance, foreign R&D in developing countries only recently has received some attention (Gassmann and Han, 2004; GEI, 2001; Reddy, 1997; Reddy and Sigurdson, 1997; Sun, 2003; Sun et al., 2006 Sun et al., , 2008 Wen, 2007a, 2007b; von Zedtwitz, 2004; Walsh, 2007; Xue et al., 2001 ). This study wishes to contribute to the field of R&D globalisation in general and foreign R&D in China in particular on a few fronts. First, it aims to examine the sectoral difference of R&D performed by MNCs in a foreign country, a topic largely overlooked by the existing literature. Previous studies on globalisation of R&D have focused on the national scale and only recently a number of studies have started to look at the issues at the subnational scale. Such studies have concentrated on questions such as why certain countries are more attractive, how foreign R&D investments are located with a country and why some locales are more attractive than others. Interestingly, to my knowledge, no studies have examined the sectoral distribution of foreign R&D in detail. Most often, the data on industrial distribution of foreign R&D in a country are simply reported, but no further questions are asked: Why are certain sectors more attractive than others in attracting foreign R&D? The lack of such studies could be because of shortage of data required for such exercises. Still it could be attributed to an implicit assumption among the studies: the reasons accounting for the presence of foreign R&D at various sectors would be of no difference from those operating at the national scale. Yet whether or not this is the case remains to be explored.
Second, this study explores how parent company's comparative advantages in market and technology affect their R&D decisions in a foreign country. The existing literature has emphasised the importance of three factors -market, human resources and technology -in explaining R&D globalisation. The role of comparative advantage in this process has rarely been examined, though propriety advantage of foreign companies is a critical component in all theories on foreign investment in general. Is comparative advantage a significant factor in MNCs' R&D investment decisions? I want to address the question in this study using the recently published data in China.
Finally, I wish to clarify some issues regarding foreign R&D in China. Many existing studies on foreign R&D in China have largely relied on a small number of ad hoc interviews (Sun, 2003; Sun et al., 2006; Wen, 2007a, 2007b; von Zedtwitz, 2004) . However, basic issues such as how much foreign R&D has been invested in China and how they are distributed are not clear. Taking advantage of the recently published data from China's first economic census, this study will offer some information on this regard. The data also enable me to take a statistical approach in this study and I hope such statistical analyses will enrich our understanding of foreign R&D in China.
The paper is organised as follows. Section 2 reviews briefly MNCs' motivations of conducting R&D in foreign countries and related hypotheses are developed. In Section 3, the model and data are specified. Section 4 reports the results of analyses, and Section 5 concludes the study.
Literature review
Numerous studies have identified the factors that favour decentralised R&D activities and such factors range from the demand, supply and governmental regulations. On the demand-side, the following needs have been identified: 1 to adapt parent company's product and process technologies for foreign markets (Behrman and Fisher, 1980; De Meyer and Mizushima, 1989; Dunning, 1993; Florida, 1997; Kuemmerle, 1997 Kuemmerle, , 1999 Ronstadt, 1977) 2 to support parent companies' manufacturing and marketing activities in foreign markets (De Meyer and Mizushima, 1989; Florida, 1997; Hakanson and Nobel, 1993; Kuemmerle, 1997 Kuemmerle, , 1999 3 to monitor demands in foreign markets (Florida, 1997) Finally, previous studies have shown that governments in host countries may require MNCs to upgrade their investments and to conduct R&D activities locally (Hakanson and Nobel, 1993) . The decentralisation of R&D is further enabled and facilitated by advances in telecommunication technologies (Howells, 1990 (Howells, , 1995 . The few studies on foreign R&D in developing countries (Gassmann and Han, 2004; GEI, 2001; Reddy, 1997; Reddy and Sigurdson, 1997; Sun, 2003; Sun et al., 2006; Wen, 2007a, 2007b; von Zedtwitz, 2004; Walsh, 2003; Xue et al., 2001 ) have confirmed the findings from the general studies on foreign R&D, and factors from both the demand side and the supply side are important in explaining the recent surge of R&D performed by foreign companies. In the case of China, its growing domestic market and increasing roles as a 'world's factory', as well as its large pool of well-educated labour have become a huge attraction to foreign companies. China has become the top markets for many products. Many foreign invested enterprises have served China's expanding domestic market as well as the world market. Overall, foreign invested enterprises in China are exporting about 45% of their products manufactured in China (China State Council, 2006) . As such, both China's domestic market and its attraction as an export base have become important considerations for foreign R&D.
Hypothesis 1
Sectors with larger domestic market will attract more foreign R&D.
Hypothesis 2 Sectors where foreign invested enterprises are more export-oriented will attract more foreign R&D.
On the supply side, China is endowed with a large pool of well-educated labour while the labour cost is much lower than that in developed countries. China had more than 1700 universities and colleges, with more than 15 million students enrolled in tertiary education (CSSB, 2006) . Meanwhile, each year more than 4.5 million new students are admitted to its higher education system and more than half a million students with degrees in science and engineering (BS and above) graduate from its universities. According to some experts, China will produce more PhDs in S&T than the USA by 2010 (Freeman, 2005) . This huge pool of highly educated labour has been revealed by many previous studies to be an important consideration when MNCs decide to establish R&D facilities there. The lower labour cost further adds to China's attraction and this has been observed by previous studies as well (Sun, 2003; Sun et al., 2006; von Zedtwitz, 2004) . The lower wages for educated people in some sectors may also indicate the waste and under-use of human resources. I expect such sectors will be particularly attractive for foreign companies, who can afford higher pay for their employees. As such, I develop the third and fourth hypotheses:
Hypothesis 3 Sectors with more better-educated people are more likely to attract more foreign R&D.
Hypothesis 4
Sectors with lower wages for better-educated people are more likely to attract more foreign R&D.
Scholars have also agreed that the technology-driven foreign R&D has not become significant in China, despite that some high-profile cases such as those from Microsoft, Motorola, Intel and Lucent technologies, and a number of other cases are conducting strategic R&D there (Sun, 2003; von Zedtwitz, 2004 Hypothesis 6 Foreign companies will invest less in sectors where they possess stronger advantages against their domestic competitors.
Still, some argue that foreign companies come to China because of governmental pressure, since the Chinese governments have adopted a 'market for technology' policy for a long time (Walsh, 2003) . It is one of the government's major goals to attract foreign investors in order to upgrade its domestic technology development capabilities. However, many studies have revealed that while government pressure was an important factor in MNCs' earlier decision to establish R&D facilities, it has little to do with the recent surge of foreign R&D in China (Sun et al., 2006; Walsh, 2003) . Foreign R&D has been driven largely by business considerations. But the role of governments may be manifested in other aspects: foreign investors are restricted from some sectors, in which state-owned enterprises (SOEs) are more favoured. I expect that foreign investors will avoid those sectors where SOEs are particularly strong.
Hypothesis 7
Foreign R&D presence is negatively associated with SOEs presence in different sectors.
To summarise, R&D in foreign countries is the result of multiple factors, from market to human resource, and from technology and competitive advantage to government policies. I want to see what factors are more important in explaining the sectoral difference of foreign R&D in China.
3 The model and data
Model specification
Basically, I assume that foreign R&D is affected by the five categories of factors identified in the previous section. A linear combination of these factors is used to explain the presence of foreign R&D in different sectors.
where FOR_RD denotes the foreign R&D presence in a sector, DEMAND, HR, TECH, COM and SOE represent the vectors of factors in market demand, human resources, technology endowment, competitive advantage of foreign firms in relative to Chinese domestic firms and the presence of SOEs in each sector respectively. Dom_RD measures the presence of domestic R&D in a sector and is included as a control variable. DEMAND consists of two different measurements, the domestic market size for a sector (DomMkt) and the export orientation of foreign invested companies in each sector (ForExprt). HR includes the availability of technical staff (STStaff) 1 and their wages (STWage). TECH measures the technology endowment in a sector and in this study I use the number of invention patents produced by the S&T staff (Patent_STStaff) 2 . For the variable of STWage, I also include a variable with STWage adjusted by the productivity of S&T staff (AdjSTWage). In the literature on foreign direct investment, many studies have found that the relationship between absolute wage and foreign investments is not conclusive (He, 2003) . In some studies, the relationship appears to be negative while in others opposite results have been reported. In contrast, authors using adjusted wages have found consistent negative relationships. In this study, adjusted wage is measured by the ratio between STWage and Patent_STStaff.
The competitiveness of foreign firms is measured by two indicators, their market share in China's domestic market (FMkt_Monoply) and their productivity in relation to Chinese domestic firms. Productivity can be measured against labour or capital. In this study, I use the total factor productivity (TFP) instead of labour/capital productivity, since it evaluates technological progress and constitutes a comprehensive measurement of the efficiency with which the factors of production are employed (Liu and Wang, 2003) . In particular, I use the FTP ratio between foreign companies and Chinese domestic firms (FORFTP_DOMFTP) to represent the relative strength of foreign companies in a sector. To estimate FTP for foreign firms and domestic firms in a sector, I use the traditional production function.
where Y denotes the gross output value of firms in a sector, K and L are physical capital and labour inputs in each sector respectively. A simply measures the TFP, and α and β represent the elasticity of the factors of production in the model. Equation (2) can be rewritten in natural logarithms and TFP can be calculated as the follows.
To estimate the TFP for foreign firms and Chinese firms in each sector, I pool together the sectoral data for foreign firms and Chinese firms to estimate the production function.
Of course, such an approach assumes that foreign firms and domestic firms share the same production function. To test whether or not the assumption holds, I will apply the Chow's test. The variable SOE can be easily defined as the share of SOEs in a sector's sales. Finally, I also include a control variable to measure the presence of R&D by Chinese domestic enterprises (DOM_RD). As such, equation (1) 
As many have pointed out that one potential problem with cross-sectional data is heteroscedasticity, the existence of which will makes OLS estimators inefficient. I will use the White's test to detect whether or not heteroscedasticity is a problem. If so, I will use White's standard errors to make the correction.
Data
The data used in this study came from the China Economic Census Yearbook (China State Council, 2006) . This was the first effort made by the Chinese government to collect data on all economic units. The census covered all sectors in the secondary and tertiary industries in China and includes a wide range of data. The published data consists of three major parts. The first part includes basic information such as name, address, sector, date of establishment, ownership, employment, sales and capital, among others. The second part focuses on financial data, including detailed information on asset, investment, production, sales, income, costs, tax, profit and others. The third part concentrates on industrial data, including information about production and sales, inventory, equipment, energy consumption, raw material consumption and S&T. The officially published data consist of four volumes: the first volume on overall data, the second and third volumes on the secondary industry and the fourth volume on the tertiary sector. All the data are tabulated by sector and province. Most data are reported at twodigit sector level while certain data are reported at the three-digit and even four-digit sector levels. This study focuses on the data at the 29 sectors at the two-digit level in the manufacturing industry, for which all the necessary data are available. It is unfortunate that more detailed data are not available to the public yet. The published data also focus on those firms whose annual sales are above five million RMB Yuan, while only a few selected indicators for smaller firms are reported. As such, I will focus on those 'bigger' firms. In this study, the presence of foreign R&D in a sector is measured in two different ways:
1 the number of S&T institutes established by foreign firms (FRD_Inst) The definition of S&T institutes is much broader than the definition of R&D centres. According to the documentation (China State Council, 2006), "S&T activities refer to organised activities that are related to the production, development, distribution and application of S&T knowledge in the fields of natural science, agricultural science, engineering and technological sciences, and human and social sciences. S&T activities can be classified into three categories: research and development activities (R&D), diffusion of R&D results and related services."
In the 2004 census, only the former two categories are included and they are commonly referred to technological development activities in China. As such, S&T activities reflect the technological efforts, broader than R&D in scope.
"Industrial S&T institutes refer to those solely established by the firms or establishments in collaboration with other organisations. Such institutes may be affiliated with manufacturing facilities but are relatively independent in administration or those independently administrated institutes with a focus on S&T activities. Examples include technology centres, R&D institutes, development centres, development departments and laboratories… Such S&T institutes do not include those administrative offices with firms, neither are S&T institutes established by firmed outside China." Table 1 Variable definitions The census classifies firms into three major types according to ownership: Chinese domestically owned firms, firms with investments from Hong Kong, Marco and Taiwan (HKMT), and foreign invested enterprises (FIEs). It would be helpful to separate the HKMT firms from FIEs when examining their R&D activities in China. However, certain data critical for the statistical analyses -sales, employment, asset, among others -are not reported separately. As such, I will combine HKMTs and FIEs in the statistical modelling, while information about these two types of foreign firms will be reported separately when possible.
4 From the census, I extract all the variables as defined in Table 1 .
Empirical results

The presence of foreign R&D in China
Previous studies have revealed that foreign R&D concentrated in sectors such as information and communication industries (GEI, 2001; von Zedtwitz, 2004; Xue et al., 2001 ). It has also been assumed by many studies that foreign firms are less likely to engage in R&D than domestic firms (Sun, 2002) . The economic census data largely confirm both observations (Tables 2 and 3 ). However, the data in Tables 2 and 3 also show a few interesting observations. First, about 12.7% of FIEs are conducting R&D, while only about 5.2% of HKMT enterprises and 6.5% of Chinese domestic enterprises report so. Such an observation shows that FIEs are more likely to engage in R&D than either HKMT enterprises or Chinese domestic enterprises. However, if one considers the R&D intensity, Chinese domestic enterprises do perform better than FIEs or HKMT invested enterprises. On average, Chinese domestic enterprises spend about 0.63% of their incomes on R&D while foreign invested firms (including FIEs and HKMT invested firms) in China spend about 0.37% of their income on R&D. Similarly, Chinese domestic firms commit more human resources on R&D than foreign firms (1.44% versus 0.92%). The above two observations indicate that foreign enterprises may be more likely to engage in R&D, but Chinese domestic enterprises are committing more resources. These two observations suggest the majority of foreign R&D in China is minor and adaptive in nature, which does not necessarily require significant inputs.
Second, Table 2 shows that more foreign invested firms are conducting more R&D than those setting up formal R&D institutes. About 15% of FIEs reported to conduct R&D in China, though only about 5% of them had set up S&T institutes. Overall, about 1,400 FIEs and 1,200 HKMT invested enterprises have set up 3,204 S&T institutes in China. These figures are much larger than 750, the number of R&D facilities that have been widely circulated in the media 5 . However, I have some doubts about the accuracy on the number of S&T institutes, although, the census document has a detailed definition. My further examination of the data shows that the regional distribution of foreign S&T institutes (based on the Economic Census) is significantly different from that for foreign R&D centres revealed by many previous studies. In particular, Beijing's share in foreign S&T institutes is significantly lower than its share of foreign R&D centres. Furthermore, Beijing reported to have fewer foreign S&T institutes than foreign R&D centres, which is impossible according to their definition. I argue that such a discrepancy could be due to a few reasons. First of all, firms in China do not have the number of S&T institutes in their accounting book, though they do keep data R&D spending and personnel, since such items are required by the regulations, according to our discussion with many firms. Second, I suspect that such a discrepancy could be due to the difference of the data collecting agencies. For the census data, the State Statistics Bureau was the major organiser, while the Ministry of science and Technology and the Ministry of Commerce were the collectors for foreign R&D data. The two ministries are in charge of policies for foreign R&D. Naturally, foreign companies should be more interested in collaborating with them than with the State Statistics Bureau. As such, I will not include the S&T institute data for the final analyses. Third, foreign R&D in China is highly concentrated in a few sectors and the leading sectors include medical and pharmaceutical products, transport equipments, electronic and telecommunication, instruments/meters/culture and office machinery, electric equipment and machinery, general machinery, metal products and chemical fibres. Such industries are high-tech in nature and require more R&D than labour-intensive industries such as food production, textile and garments. For example as many as 38.5% of FIEs in the medical and pharmaceutical industries have reported to conduct some R&D. Such patterns are similar to what can be seen for Chinese domestic enterprises and HKMT invested enterprises.
Finally, in most sectors, Chinese domestic enterprises are contributing more resources to R&D than foreign enterprises (Table 3 ). Particularly differences in sectors such as electronic and telecommunication, offices machinery, and electric equipment and machinery are particularly strong. For instance, Chinese enterprises in the electronic and telecommunication industry contribute 3.49% of their income to R&D, much higher than the corresponding 0.64% for their foreign counterparts. Interestingly, foreign invested enterprises in a few sectors such as non-ferrous metal, non-metal mineral products, printing, paper products, furniture, textile and garment, did report slightly higher R&D intensity (in terms of spending) than Chinese domestic enterprises. It is also interesting to note that all such sectors fall into the traditional and low-tech industries. It is not clear why it is the case for the time being. 
Estimation of TFP
One hypothesis for this study is to see how comparative advantages of foreign firms affect their R&D investment decisions in China. One way to measure their competitiveness is to compare their TFP against that for their Chinese domestic counterparts. Chow's test shows that there is no significant difference between foreign invested enterprises and Chinese domestic enterprises regarding their production functions. As such, I use the pooled model to calculate TFP for foreign and Chinese domestic enterprises in different sectors (Table 4) . The model is highly significant, explaining more than 90% variance in the output. Both employment and capital are significant. The results show that 1% increase of labour will lead to 0.3% increase in total industrial output and 1% of increase in capital will result in 0.76% increase of gross industrial output. Table 5 shows that TFP is generally higher in high-tech industries such as transport equipment, telecommunication equipment, instruments and office equipment, petroleum, for both foreign invested enterprises and Chinese domestic enterprises. Foreign invested enterprises show higher TFP in most industries: 22 out of the 29 sectors. Interestingly, Chinese domestic enterprises did show higher productivity in a few sectors including, tobacco, leather, furs, down and related products, cultural, education and sports goods, rubber products, plastic products, and electric equipment and machinery. It is easy to understand the advantages of Chinese domestic enterprises in the tobacco industry, which is largely due to the monopoly effect. But it is surprising to note that Chinese domestic enterprises even possess advantages in some traditional labour-intensive industries, though in most cases, the difference is not big. What is more surprising is that Chinese domestic enterprises also demonstrate slight advantages than foreign firms in the electric equipment and machinery industry and their overall TFP in the sector is about 10% higher than that for their foreign counterparts. The electric equipment and machinery industry is very technology and capital intensive. How could Chinese domestic enterprises achieve higher TFP than foreign firms? Such a question would be interesting to explore in the future, though it is beyond the scope of this study. 
Results of statistical modelling
Two sets of analyses were conducted for different measurements of wages, one using the STWage and the other using AdjSTWage. The results are reported in Table 6 . Due to the multicollinearity problem associated with the two variables SOE and Dom_RD, I did not include them in the final round of analyses. This in no means suggests they are not important in understanding the presence of foreign R&D in China. For example, the correlation coefficient between FRD_Exp and Dom_RD is 0.871, which is significant at the level of 0.01. However, the correlation between SOE and foreign R&D presence is very weak, neither are they significant. The results indicate that the role of SOEs is not significant in explaining foreign R&D in China. The results from the two sets of regression analyses show that market is a very strong driving force in attracting foreign R&D to China: the two variables measuring China's domestic market (DomMkt) and export (FExprt) show consistent and positive impacts on the number of foreign S&T institutes and their R&D expenditures and they are also significant. On the supply side, the availability of S&T talents shows consistent and significant impact on foreign R&D, while the impact of labour costs on foreign is not conclusive. The absolute value of wage (STWage) shows positive impacts in both models, though it is only significant in one model. The positive impact of wage is contradictory to what I expect, though it is hardly surprising since many studies on foreign direct investments have revealed similar results. They argue that higher wages may also indicate the better skills of the labour, which should have positive impacts on attracting foreign investments. As such, the positive relationship between wage and foreign R&D investment may indicate that the attractiveness of sectors with better skilled people, which are naturally better paid. When adjusted wage (AdjSTWage) is used, the variable shows positive though insignificant impact in another model. The inconsistent relationships between wage and foreign R&D may indicate that wage is not a significant factor in explaining foreign R&D distribution in China, though it is a critical factor for foreign companies at the national level. In another study, I also find that neither absolute wage nor adjusted wage is significant in explaining the geographic distribution of foreign R&D in China. I argue that the sectoral or regional difference in wage within China probably is smaller than that for the inter-country difference between China and foreign countries. As such, foreign companies may not pay close attention to the issue of labour costs once they decide to make R&D investment in China, though labour cost is a factor when they decide where not to make R&D investment in China. From the results, I may conclude that availability of educated labour is a more important factor than their costs in explaining foreign R&D in China.
In addition, the regression analyses reveal that the impact of technology measured by the innovative productivity of labour is not significant in explaining the sectoral distribution of foreign R&D investment. In both models, the variable Patent_STStaff shows negative impacts on foreign R&D, though the variable is not significant in either model. Such results on the one hand confirm our hypothesis that foreign R&D is not driven by China's technology endowment. On the other hand, the result demonstrates that the innovative capability is still weak compared to foreign companies, even after so many years of reforms.
On the impacts of comparative advantages of foreign firms on their R&D, I find that both variables, the two models show conflicting results. To begin with, the results report positive and significant impact of market monopoly on foreign R&D. I expect that foreign firms will make less R&D investment in sectors where they have become the dominant players: they simply do not need to conduct R&D in order to capture the market, ultimately the profits in such sectors. However, the results show that the opposite is true: foreign firms are more likely to make R&D investments in sectors where they are already more competitive. Furthermore, the results show negative impacts of foreign firms' productivity: foreign firms are less likely to conduct R&D in sectors where they enjoy relative advantages measured by TFP. The direction of the relationship here follows what I expect: foreign companies are less likely to conduct R&D in sectors where they already enjoy higher competitive advantage. The conflicting results here need more analyses, since both variables measure the relative strength of foreign companies in competition against China's domestic firms. Particularly one needs to understand why foreign companies are conducting more R&D in sectors where they already enjoy higher share in China's domestic market. One reason could be because of the reversed causal relationship between R&D and firms' market dominance in China: foreign companies commanding higher market shares in certain sectors simply because they are more willing to invest in R&D in such sectors and R&D is precisely one factor making them more successful in such sectors than in others. If this is the case, it has clear implications for foreign investors: local R&D is significant in helping them to achieve success in foreign markets. In sectors where they meet strong competition from Chinese domestic companies, foreign companies are forced to make R&D investments in order to be successful.
Conclusions
This study aims to answer three questions about foreign R&D in China:
1 How extensive is foreign R&D in China?
2 How does foreign R&D vary in different sectors in China? 3 How important are the different drivers for explaining foreign R&D in China, namely demand, human resources, technology, and market competition?
The results show that foreign R&D in China is much broader than what have been reported. Foreign companies are more likely to engage in R&D than Chinese domestic enterprises though they are committing less resource to R&D than their Chinese domestic counterparts. This suggests that the majority of foreign R&D investments in China are largely involved in adaptive development rather than in truly innovative research, which usually requires large amount of resources. Such results confirm findings from previous studies (von Zedtwitz, 2004; Walsh, 2003) . In addition, this study reveals that foreign R&D are concentrated in high-tech industries, in which foreign companies are likely to conduct R&D than those in traditional labour intensive industries. Such a pattern largely follows what is observed for China's domestic enterprises. On the third question, the study reveals that market demand and the availability of quality labour are the major drivers for foreign R&D investments in China. However, the impact of R&D staff's labour cost is not consistent and conflicting results have been found, which maybe due to the small sample size of this study. The results also show that the technology drive has not become significant in explaining foreign R&D in China. Such results have confirmed the findings from previous studies (Sun et al., 2006; von Zedtwitz, 2004; Walsh, 2003) . Interestingly, this study has found conflicting results on the relationship between foreign R&D and their comparative advantages in technology and market. On the one hand, it finds that foreign companies are less likely to conduct R&D in sectors where they already master strong technological advantages measured by total factor productivity against China's domestic firms. Such a result is easily expected. On the other hand, this study finds positive relationships between foreign R&D and their shares in China's domestic markets. I argue that the negative relationship between foreign R&D and their market share may indicate the importance of R&D in enhancing foreign companies' market performance in China, instead of being interpreted as the positive impacts of market share on R&D of foreign firms. Such a finding for foreign companies has critical implications for foreign companies: if they want to achieve success in China's domestic market, they need to customise their technologies, and they cannot simply rely on technologies generated elsewhere. Such results may suggest that the Chinese governments and domestic firms should not expect to benefit too much from foreign R&D activities in China. Instead they should focus on building up indigenous innovative capabilities: the majority of foreign firms will invest in R&D when they feel the competition from domestic firms.
It would be interesting to further examine how foreign R&D is interacting with China's domestic R&D. Does foreign R&D in China generate spillovers for China's domestic firms? This issue has serious implications for China's policy makers. So far, they have tried to attract more foreign investment in general and foreign R&D investment in particular. The assumption is that such foreign investments will help building domestic technological capabilities. Earlier studies have examined the presence of foreign investment in general and have found significant and positive impacts on the overall performance of China's domestic enterprises (Liu and Wang, 2003) . How about the impacts of foreign R&D investments in particular? Do foreign R&D investments have similar spillover impacts on innovative performance of China's domestic enterprises? This study has found that foreign R&D and China's domestic R&D are positively related. However, I did not examine this issue in detail. Such a question deserves further attention in the future, and it has serious implications on China's policies on foreign R&D investments.
Notes
1
In Chinese government statistics, S&T staff refers to people engaged in science and technology activities, including people directly participating in research and development as well as those who provide administrative support and other services to R&D personnel. The core part of S&T staff consists of scientists and engineers engaging in R&D activities. I understand it might be better to use some other measurements such as people with advanced degrees in each sector. Unfortunately, such data are not available. 2
Here, I assume that S&T staff is the primary sources of innovations in Chinese industries and innovations can be majored by patent grants. I understand that there exists significant weakness among these two assumptions. First, innovation may come from other people as well in an industry, not just the S&T staff. Second, innovation is not just about technological innovation, and it includes new practices in many aspects that are beyond technological development such as new management practices and new business models. Third, technological innovation is not equivalent to patents. As many authors have pointed the number of weaknesses associated with using patents as the indicators of industrial technological innovation. However, I believe such a measure provides a reasonable indicator for the innovativeness and productivity of S&T staff. 3
Using number of R&D centres would be ideal, which, unfortunately, is not reported by the census. 4
From now on, in this study, HKMT will be used to denote those enterprises with investment from Hong Kong, Marco, Taiwan, and FIEs will be used to refer to those foreign invested enterprises from areas other than HKMT. When not specified, foreign invested firms, or foreign firms, foreign enterprises will refer to the combined of these two types of foreign investments. 5 I have tried unsuccessfully in different ways to confirm the number of foreign R&D centres. Indeed, there is no number reported after 2005, for reasons I do not know. I suspect it is because foreign R&D in China has become a concern for many foreign countries, since such issues have serious implications for national economic competitiveness.
